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PURPOSE OF EQUIPMENT

The trlaxlal acceleroneter 1s intended to measure
eXtremely smail forces along three mutually perpendicular
axes when mounted in the Cannonball 11 satellite. Each
axis will sense in two directions, normally resferred to
as plus and minus accelerations. The output signal from
each axis 1s presented in both analog and digital form.

THEORY OF OPERATION

The tri-axial accelerometer for the Cannonball I
satellite 1s ldentified as Bell Aerospace Company (BAC)
part number €176-300001.

In order to 1ldentify each component and 1ts inter-
connections, reference should be made to BAC Drawing number
6176-300001. This drawing shows that each system 1s made
up of 5 units and € interconnecting cables. The parts
list 1dentifies cach plece by part number and title. All
BAC drawings appearing on thils parts list are included in .
the drawing folder.

The direction of the three axes are marked on the
outside of the instrument package. Motion of the case
along any one of these axis willl cause the output signal
tc appear. Since these zccelerometers are scaled to
measure Jorces iLn the micro-g and miili-g region, they
present special probliems in handiing and cailbration when
exposed to the one -g environment existing on the earth.

The nominal fuvll scale ranges are listed below,
Along with each i3 the maximum angle by which the sensltive
axis may be tilted from horizontal wlithout ezceeding the
range.
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T XY
* Input g's Angle
Range A 1.2x1072 4y1t-20"
Range B T xlo"“g 21-25"
E -
' Range C 1.6x10 5g 3.3"

A glance at this list shows that even on the least
sensitive scale (Range A) the sensitive axis must be
horizontal to wtihin 3/L degree in crazr to stay on
scale,

The output of each crarnel 15 proportional tc

input acceleration and 1is avallable in both digital
and arzlog form,

The aralog cutput appears as a zero to & volt d-c
slignal., It derived from the digital signal and its
magnitude 1s proportional to the pulse output rate
representing 1lnput acceleratlon. The same pulse rate

1 and d-c output represernt full scale on each range.

(bl i

Typical values are as shown below:

TR

Input Analog Digital Output
i Fuil Scale Output (Volts) Pulses/3econd

E ) .15 0
20% 1.0 1020
' 1O% 2.0 2000
60% 2.8 3000
80% 3.7 4000
100% 4,5 5000
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II1I. BENCH TESTS

Preliminary

Interconnect the system as shown on BAC drawing No.
5176-300001. Observe that power switches on the test
set are in the following positions. Test set power - OFF,
DC supply to - INT.,, System Power - OFF. Connect the
test set power cord to any 115V - 60 cycle outlet. Disable
channels X and Y by disconnecting both P3 (cable W2) plugs
from the interface unit. Make svrc that the 3 Axis
instrument package 1s resting on a fairly stable flat
surface and is level to within # degree. Turn the test
set power - ON, and observe the system vcltage meter
indicates approximately 28 volts dc, ané system current
is Zero, Place all three meter switches on INT.

T ol

i i e

Z Channel Tests

Place Z channel meter switch in analog output position.
Turn system power - ON and observe that system current
meter reads about 0.2 amps. Place both cross axis and
sens’tive axls range T/M meter selector switches in their
A positions., Depress and held the suspension command
switch for approximately %+ second., Repeat until cross
axis meter indicates atout 40 micro amps (4 T/M voltsj.
Depress snd hold the sensitive axis command switch for
approximately I second. BHepeat until sensitive axis
commnand meter indicates about 40 micro amps (&4 T/M volts).
Dbserve the Z channel fliat position meter while very
gently tilting the 2 axis back end forth through horizontal.
The float position meter should follow bty zlternately
going from O to 50 micro amps. This indicates proper
suspension of the proof mass 1n the accelerometer. Rest
the three axis package flat on the table ard cbserve if
anslog cutput is less than &0 micre amps. I noi, tilt

TV
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Z axls and shim appropriate end to give an on scale
reading. Very slight adjustments in the tilt should

now cause the analeg output to vary between 0 and EVDC.
Tilting the base to reduce the analog output will cause
the float position meter to go to approximately 25 micro
amps (2.5 T/M volts) when the anaiog output is minimum.
This 1s the null’ or zero g input condition., As long

as the analog output is less than 50 micro amps, the

} float position meter will indicate a fairly steady

value of either 10 or 40 micro amps depending on the :
polarity of the input g's. . ?

Ll

Goaioalo L ikl e

Switch the moter selector switch to ELECT. TEMP and
note the reading. At rcom temperature this should indi-
cate approximately 20 micro amps. (2 T/M volts). Switch
the meter selector to ACCIL-TENP. The reading should
again he approximately 20 micro amps,

Qverrange Circuit Test

Place the sensitive axls command meter in position
B and depress the range command observing that meter
rezds about L0 micro amps. Tilt the sensitive axis
to cause the analog output to saturate at ~0 micro amps;

AT

5 this activates the overrange circult. The analog output

: should now drop to near zero for about 20 seconds, then
return momentarily (2 seconds) to 50 micro amps, and

then back to near zero. Switch the command meter selector
switch back to A and depress the sensitive axls command
two times. The meter should agzin rezd 40 micro amps

and the analog output should be near zero. Thls completes
bench test of the Z chanrnel., Turn system power - OFF and
proceed to the Y channel tests,

Py, s i it v DN
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Y Channel Tests

Connect P3 (cable W2) to J3, channel Y, on the
signal conditioner. Place Y channel meter switch in
analog output position.,  Turn cystem power ON and
observe that system current increases tc about 0.4
amps. Note that'both Sensitive Axis and Zross Axis
command meters inrdicate about 40 micro amps corres-
ponding to Range A. Observe the Y channel flcat
posift.ion meter while gently 1ilting the Y axis back
and forth through horizontal. The float position
meter chould follow bty alternately going from 0 to 50
micro amps, indicating cuspension of the Y acceler-
ometer. Rest the three axlis package flat on the
table and observe 1f analog output 1s less than 50
micro amps. If not, tilt and shlim appropriate mount-
ing lug to obtain an orn scale reading. The indications
of float position and analog output should be the same
as described for the Z channel. Check the Elect. and
Accel, Temp readings by means of the selector switch.
The readingz should be zpproximately 20 micro amps at
room temperature,

Qverrange Circult Test

Place the sensitive axls command meter in position
B and depress the rznge command observing that meter
reads about 4C micro amps. Tilt the sensitive axis
to cause the znalog output to saturate at BC micro amps;
this activates the overrange circuit. The analog output
should now drop to near zero for about 20 seconds, then
return momentarily (2 szconds) to €0 miecro amps, and
then bazek to near zero. Switzch the command meter selector
switch bazck to A and depress the sensitive axis command
tvo times, The meter sheould again read 40 micro'amps
and the anslog output should be near zero. This completes
bench test ¢f the ¥ channel. Turn system power - OFF anq

procced Lo check the X channel, A

i
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X Channel Tests

Connect P3 (cable W2) to J3 channel X on the signal

% conditioner., Tlace X channel meter switch in the analceg

; output position., Turn system power - ON and observe that
syster current increases to about 0.6 amps. Note that both
command indicators read about 40 micro amps corresponding
to Range A, Observe the X channel float position meter
while gently tiliting the X axis back and forth through
horizontal, Note that the 2 axis mount must be turned

on its side in order to get the X axis horlzontal. Con-
tinue tests on X channel as described for Y channel above,
This completes the X channel tests., Turn system power -

AR, TR Y A or

OFF and place the thres axls package on 1ts three mcunt-
ing pzds.

T T

- "
WP,

Command Tests

Turn system power - ON a=id observe that both command
meters indicate abcut 40 micro amps (4 T/M veolts = Range A).

s

it

Depress the suspension commend, hold {or 1 second and re-

T, MY TS A7

1ease, The cress axis meter should go to about 2 micro

amps (0 T/M volts). Swlitch the crosc axis meter selector
switch to B; meter should again read 40 micro amps. Depress
f sensitive axis command, hold for 1 second and release, The

4ars

]
sensitive axis meter should ge to about 2 micro amps (0 T/M :
volts). Switch censitive axis meter selector switch to B; ]

meter should again read L0 micro amps. Turn system power

gewitch - CFF. Leave off for about £ seconds, Turn system
power - ON and note that both command meters read about 40 ]

s et

micro zmps. Depress eacn cwitch, held for 1 zecond and

re¢

)

se, Jdwitch both meter selectors te C range. 3oth
metlwrt should indlcate

i el

bout 4C micro armps., Turn system

a
I pover - CFF for & secondes and then CON zgain., Conmand

a

meters thould aguin rcad zoout H#40 micro zmps. Cepress
gach comnmang switeh,
comsmzand @metarg shoulsd indliate

<
.o y ST N 1 e - & oo . - - 5 o, qr e 13 -
colie). 3witch Loth neter s:leclors Lo the A revige. oth
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should indicate 40 micro amps. This completes the command
tests

Digltal Signal Condltloner Tests

Connect an oscllloscope to either the bnc connector
or the binding posts labeled "digital output.” Set the
scope time base to about 250 msec/cm (assuming a 10 cm
viewing area). Sync the scope sweep generator and observe
the presence of the channel words, sync werd, and clock
word as shown below. Note trat the amplitude of the
output pulse irain is +4 *1 volt.

1 e

Ssoo) Y ey e

K- 2.5 seconds —_ﬂ
(10 cm)

INSTALLATION TESTS

Instail each of the five units which make up the
system in their respective places in the satellite. Con-
nect cables W1, and W2. Make sure that all units of a
particular channel are mated to the corinectors with that
channel marking. Connect test cable to J© on the inter- j
face unit. Temporarily disconnect P3 channels Y and Z.
Connect the test set to 115V - 60 cycle power. Turn test
set power - ON. Voltage should be 28V. Turn all meter
switches to INT., and all meter selector switches to
analog output. Turn system power - ON and check each
channel using the same procedure as described 1in the
bench tests. In this cace, however, it will be necessary
to hzve the s5a2tzllite mounted 1n a manner that wiil enable
each of the three axis to be tilted through horizontal and
held thers to within *} degree, Perform the Command and ,

i/
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Digital Signal Conditioner Tests as deScribed in the
Bench tests. Turn system power - OFF, Turn Test Set
pover - OFF, Remove Test Set Cable and disconnect power i
cord to test set. This completes installation tests.

The system may now be connected to the various satellite

systems by way of J& on the signal conditioner.

<

SATELLITE TESTS

Connect the system to the satelllite power, telemetry,
and command systems by means of J5 on the signal conditioner.
Apply power to the system and command Loth Sensitive and
Cross Axis into Range A. Again the satellite must be hori-
zontal to within % degree. Perform the check of each chan-
nel as described in the bench tests., Perform the Command
and Digital Signal Conditioner tests also as described in
the bench tests., This time the veoltages will have to be

read at the output of the telemetry. This completes the
satellite tests,

Bl g B T

RS TR TR T

VI. CHANNEL REPLACEMENT

In the event a channel becomes defective elther due
to a faulty accelerometer or electronics, bocth unlts must
be replaced, Remove the three axis Iinstrument package,
the defective channel electronics, and the interface u ¢
from the satellite. All three packages, plus the assoclated |
W1l and w2 cables should be returned to the manufacturer
(Bell Aerospace Company) for repair.
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